Abstract -Condition monitoring, signal processing and data analysis are the key parts of the induction machine (1M) fault detection scheme. Frequency analysis of the signal acquired through the condition monitoring is commonly applied for motor fault detection. This paper is intended to investigate the ability and effectiveness of Fourier analysis of motor current for broken rotor bar detection. Accordingly, the current signals at different amount of load were measured and analyzed for broken rotor bar diagnosis in a squirrel-cage induction machine.
INTRODUCTION
Induction machine is subjected to various stresses, which severely influence its condition and cause subsequent failures. Broken rotor bar is one of the failures which often occurs due to various stresses [1, 2, 3] . This failure is of importance as it brings about secondary faults that cause the machine to fail. To prevent such a cumulative destructive process, the problem should be detected early, that is, when the bars are beginning to crack [4] .
Hitherto, a number of 1M condition monitoring techniques, which monitor a certain parameter of the 1M allowing its health to be determined, have been developed [5] . Motor current signature analysis (MCSA) has been considered as the most popular condition monitoring method of any 1M. However, without an effective signal processing method, fault detection fails. Signal processing techniques are applied to the measured signals to generate parameters like amplitudes of frequency components associated with faults, which are sensitive to the presence or absence of specific faults. There are two approaches used for processing the signal; time domain and frequency domain. The time domain refers to a display or analysis of the measured variable as a function of time. The significant advantage of this format is that almost no information is lost and allows a great deal of detailed analysis. However, the disadvantage is that there is often too much data for easy and clear fault diagnosis.
Fourier's theory is that any repetitive signal can be expressed as a summ ation of single frequency signals. When carrying out signal analysis in frequency domain, some features can be utilized such as Fourier coefficients, signal energy in frequency band, frequency bands to interpret the signals. Frequency analysis of a signal highlights many important hidden features and extracts some useful information. The accuracy of information extraction depends upon the nature of the signal and the method of analysis [6] .
In this research, frequency analysis of motor current during its normal operation was studied for incipient fault diagnosis of an 1M. Broken rotor bar is considered in this study.
In the following of this text, first basic principles of MSCA and frequency domain analysis are provided and then experimental work and results are presented and well discussed.
II.
MOTOR CURRENT SIGNATURE ANALYSIS (MCSA)
The current drawn by an ideal 1M has a single frequency component at the supply. In the case of any mechanical or magnetic asymmetry, however, other frequency components according to the specific faults will appear in the stator current spectrum of the machine. Motor current signature analysis is the sensing of the stator current, and utilizing the results of its spectral analysis to pinpoint an existing or incipient failure in the 1M [7] . The stator current is sensed during the normal operation of 1M or its start-up.
Specifically, when a rotor bar is cracked, no current flows through it, and thus no magnetic flux is generated around that bar. This phenomenon generates an asymmetry in the rotor magnetic field by producing a non-zero backward rotating field. The non-zero backward-rotating field due to broken bar rotates at the slip frequency speed with respect to the rotor. Therefore, it induces harmonic currents in the stator windings, which are superimposed on the stator winding currents. These superimposed harmonics are used as signatures for broken rotor bar detection in MCSA techniques [8] . Frequency spectrum of the stator current illustrates sideband components, fb, around the fundamental components in the presence of the cracked or broken rotor bar.
Generally, the frequency of sidebands corresponding to btroken rotr abr ( fb ) is taken into account as (1) whereas k=1,2,3, ... , s is slip and fs is supply frequency. The lower sideband, (1-2ks)fs , is specifically accounted for broken bar whereas the upper sideband (l+2ks)fs is considered as the consequence of speed oscillation and saturation phenomena [ 9 ] .
III.

FREQUENCY ANALYSIS
There are different types of frequency domain analysis as it will be described in the following.
A.
Discrete Fourier Transform (DFT)
A DFT decomposes a sequence of values into components of different frequencies. For a given discrete time-domain signal x(n) , its discrete Fourier transform X(t) is defined as
Traditional DFT techniques require a very long data sequence and high computational cost to get high frequency resolution. The waveforms associated with fast electromagnetic transients are typically non-periodic signals that contain both high-frequency oscillations and localized impulses superimposed on the power frequency and its harmonics. These characteristics present a problem for the traditional DFT, because its use assumes a periodic signal. For instance, the DFT alone can be an inadequate technique for transient signal analysis.
B.
Fast Fourier transform (FFT)
A fast Fourier transform is a way to compute the same result as DFT but more quickly. Compared to DFT, FFT algorithm is only faster in terms of computational cost. The reduction of the time acquisition period in FFT-based methods is not always possible because both frequency and time resolution are mandatory, and the frequency resolution depends on the inverse of the time acquisition period.
In this research, FFT -based method was applied for current spectrum analysis in order to determine and extract the broken rotor bar related features. The current was sampled at the normal operation of motor under a fixed load. At this circumstance, the current is periodic and called steady state current.
IV. EXPERIMENTAL
Figure1 shows the experimental setup used in this study. The main characteristics of the tested motors were star connection, rated voltage: 415 V, rated power: 750W, 6 poles, primary rated current: 2. 2 A, rated speed: 1000 rpm, related torque:7.83 Nm. The number of rotor bars is 28. Current, voltage, torque and speed were measured for a healthy motor and faulty motor at different levels of load. Experimental works were conducted at different conditions of no load and at 51 % and 80% of the motor related torque. The motor was coupled to a AC generator which acts as a load. The current signals were measured under a normal operation of motor. The sensor board is comprised of Hall Effect current sensors, LA-25P by LEM ( Figure. (Figure.3) .. The data were obtained using a high speed data acquisition system, namely NI-PCI 6052E and SCXI 1125&1140 (National Instrument). In this research, the rate of frequency sampling is 20 kHz and the time of sampling is 5 second. Data analysis was performed using MA TLAB software. 
RESULT AND DISCUSSION
This study is intended to investigate the accuracy of the frequency domain analysis of the stator current during its normal operation for fault diagnosis in 1M. In this respect, a current signal from healthy motor as well as motors with one, two and three broken bars at different levels of load were sensed and analyzed. Fluctuations in current waveforms were then analyzed by FFT using MA TLAB Toolbox. The obtained frequency domain was investigated to find broken rotor bar sidebands and their magnitudes.
The frequency of the sideband related to the presence of broken rotor bar (fb) can be calculated using Equationl. From this equation it is clear that the sidebands frequency depends on motor slip and fundamental frequency (f5)' The nearest upper and lower sidebands, when k=l, for different levels of load were obtained and summarized in Tablel. Figure 4 to Figure 6 illustrate the frequency domain of motor current for an 1M at different levels of load, when the motor is healthy and also when broken rotor bar exists. Figure   4 is the frequency spectrum of current when the torque is equal to 0.01 Nm that can be considered as a no-load condition. According to Table 1 the sidebands frequencies are equal to 49.8 Hz and 50.2 Hz that are close to the fundamental frequency (50.05Hz). In accordance with this information, no sidebands are observable in Figure 4 and there is no difference between healthy and faulty motors. Therefore, at this circumstance, broken rotor bar detection even when three broken rotor bar exists is not feasible. When the level of load increases the sidebands move further from fundamental frequency, as it is clear in Tablel. It is evident from Figure 5 and Figure 6 that the sidebands appear in the frequency domain of faulty motor under higher level of loads, i. e. , 4 and 6. 24 Nm. However, frequency analysis of current spectrum does not show the sidebands when just one broken bar exists even at high loads. These observations proved that frequency domain analysis of motor current is not accurate and reliable for early detection of broken bar in IMs.
It was shown that frequency analysis of current, in spite of its simplicity suffers from a number of issues including spectrum leakage and noise [10] . These obstacles restrict their reliability for diagnosis of faults present in 1M. When the 1M operates at low slip values, the fb components are very close to the fundamental frequency component and then spectrum leakage occurs. The spectral leakage coming from the fundamental frequency component obscures the frequency components of interest. Another limitation regarding the Fourier based spectrum analysis is the presence of noise level that prevents incipient detection of the failure, like when just one broken rotor bar exists.
VI.
CONCLUSION
This study investigated the ability of the frequency domain analysis for incipient fault detection in IMs using stator motor current of motor during its normal operation. Results clearly showed that although the current was sampled during normal operation of the motor that minimum levels of noise present, FFT was not able to provide information for incipient broken rotor bar detection. 
